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1 
This invention relates fo precision bombing and 
more particularly to a novel method o£ .bombing 
targets with the use of radar, or radio detection 
and ranging, for determining the proper point of 
release of the bomb, and-to a novel radar bomb- 5 
sight by which the method may .be practiced ex- 
peditiously. 
Optical bombsights now in use perform two 
functions, as follows: (1) They enable the pilot t0 
guide the. aircraft on a collision course whereby 10 
the aricraft's track passes in the proper position 
with respect to the target so that the bomb, when 
released, .wfll hit the target in deflection; and 
(2) they calculate the proper point of release of 
the bomb so that if wfll have the correct range 15 
to hit the target. In performing the fi.rst func- 
tion, the bombsight by manual adjustment of its 
optical system, establishes a correct drift angle 
in the case of a cross-wind and corrects for the 
cross-trail of the bomb flight due to such cross- 20 
Wind. In performing the second function, the 
bombsight employs the values of the known rime 
of flight of the bomb, t (which is determined for 
a bomb with a given ballistic coefficient from the 
altitude (H) and air speed of the aircraft), the 25 
speed of approaching or c]osing the target along 
the ground ai the-instant of bomb release, Vc 
(which is computed in the bombsight with the use 
of its optical system), and the known trafl fac- 
tor, T (which is determined for a bomb having a : 30 
given bal]istic coeHcient from the altitude (I-I), 
and the air speed of the aircraft), the bombsight 
being operable to solve the right triangle having 
the altitude (H) as one side, the horizontal .bomb 
range (Vct--T) as the other side, and the slant. 5 
range as the hypotenuse, for the dropping angle 
(). The bomb is released when the optical or 
elescope axis is ai an angle fo the vertical equal 
o the dropping angle, that is, 
tan_ I (Vty) - T 40 
One object of the present invention resides in 
the provision of a novel bombing method and 
bombsight in which radar is employed in the de- 45 
termination of the dropping angle, whereby use 
of an optical system is unnecessary. 
Another object of the invention is to provide a 
novel ,bombing method and .bombsight in which 
radar is employed in the determination of the col- 50 
lision course, whereby use of an optical system is 
unnecessary. 
A further object is fo povide a novel bombing 
method and .bombsight in which the dropping an- 
gle is determined with the use of a radar indica- 55 

2 
tion of the slant range from the aircra.ft fo the 
target. 
Still another object of the invention resides in 
the provision of a novel bombing method and 
bombsight wherein the collision course is deter- 
mined with the use of a radar indication of the 
bearing or deflection of the target. . 
Another object of the invention is o provide 
a novel bombing method and bombsight in which 
the speed of closing the target, (Vc), in solving 
for the dropping angle as outlined above, is com- 
puted while approaching the target by obtaining 
the slant range or hypotenuse (s) of a small right 
triangle having the known aircraft altitude (I-I) 
represented by one side (h) and an assumed hori- 
zontal range (1) fo the target represented by the 
other side (r), multiplying this slant range (s) 
by the known ratio of H/h, and comparing the 
product wiLh a radar indication of the actual slant 
range fo the target, whereby the speed of closing 
(Vc) is the known value H/h multiplied by the 
rate of change of (r) necessary to mainain the 
said product equal fo the actual radar-measured 
slant range. 
An additional object of the invention is fo pro- 
vide a radar bombsight of the character described 
having a directive antenna stabilized in the yaw, 
pitch and roll axes, through which electromag- 
netic energy is transmitted fo a target and re- 
ceived as reflections fo provide an indication of 
the slant range to the target, and a computer 
coupled to the radar system and in which the ra- 
dar slant range indication is utilized in solving 
for the proper ch-opping angle... 
These and other objects of the invention may 
be better understood by reference to the.accom- 
panying drawings, in which 
Figs. 1, 2 and 3 are schematic views of one ïorm 
of the mechanism for solving the dropping angle; 
Fig. 4 is a schematic view in perspective of a 
radar bombsight ruade in accordance with out 
invention and embodying the mechanism shown 
in Figs. 1, 2 and 3 and one form of a radar sys- 
rem; 
Figs. 5 and 6 are schematic views in perspective 
of the radar antenna stabilizing means .and the 
collision course and dropping angle solving mech- 
anisms, iespectively, showing the connections be- 
tween the .parts, and 
Figs. 7 and 8 are front views of the radar pre- 
cision scope fllustrated in Figs. 4 and 6, showing 
the appearance of the scope under different op- 
erating conditions of the bombsight. 
Various forms of bombsights have been devised 
ïor mechanically solving the right triangle re- 
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3 
ferred te heretofore, in which the altitude (H) fs 
one side, the horizontal bomb range te the target 
(Veto--T) is the other side, and the slant range 
te the target is the hypotenuse. BY solving this 
triangle the ,bombsight automaically, sQlves the 5 
dropping, anlëll (e), li. h Is ............ 
tan_ 1 (V) -- T 
One form of such a bombsight which 
known in the art is illustrated i_nA2a, i_n.Fg.s.  1 
and 2. As there shown, the mechanismfor_m.ak- 
ing the triangular solution comprises a constant 
speed motor 20 for driving a shaft..22 ce, nnc_tedt.o 
a governor 23 and a speed reulator2: 
ably mounted on a shaft 2§ is a disc  a.dapted.to 
,be drlven by the motor thyough.a 
the motor shaft. A vericaïSCreW.spindï6 
posed in parallel spaced relation" o th lacé 
disc 2,. bas .a caçriage. 29 threaded thereon for 20 
miPP0rtïlïg-a follet 3 r0tatablê on a Verticàl stub 
shaft 3 ! par.a!lel te the disc f.ce and intersecting 
is :axis 2 : The periphey of r011er  0 engses the 
fçe of aise -¢/which may b sping presed 
airst.therolter i and rot-tion0f thè screw spin- 
dle 28 Causes carriage 20 te more thê r011er Ver- 
tically al0ng the dise face and radiallY with re- 
:Spect tothe disc:xs 2§, .se that the speed at 
which the follet is driven by the dise may bé varied 
an.di. poporti0nal te. the distanc,e oZ the rollër 39 
.f.ro.m.the disc.axi. The follet haft 3, islprevidëd 
with ah el0_ng.ted pinion 32 which meshes wi,h 
 trive gear 3.3 On t_heopposite sde of thè C.arriage 
'9 fr0m dsc 2@;whërebyrotation of the carriage 
6nïtl dle is-Pevënted dUe te the-iosltton 
.sçn!e :28 .is mtatabe ana movable Vertically 
in ssUtable .e_ari.ng 28g,rp.ta.çm- o.f"the splnde 
be.ing effectedthrough'bevel gears 3 «.t its lower 
'.ëïà; Y .isuitabie .t4.ou -:(mg! 
;upper end, he spindle 28 i_s supported..by  pin- 
.îp.n"3.g which.rests on a hrust wsher $«. .The 
washer 3@g,  in turn, ts supported on-.a- ut gear 
3 threaded on the spindle bearing 
es,ing .fth a .geàr 3 iwhih s C;onnected te a 
tft 39 r0tatable in abeari.ng fl bY ï trafl .arm. 
f: I wîlI be apparen,t hat by .swinging the 
trail arm J, the spindle _28 may be rised .or !0w- 
èed through .the nut gear 37 se -S te adjnst the 
rbHer posîtion on di.sc 2 wi_thout .rotting the 0 
.sDifdle: The amount of the r_il rm- adjust- 
men !s indicated by  poihter . on  uitable 
trail Scale 2 directly belowthe-.arm [. 
Th e pinion  meshes with  .rck  slidable 
on a suitable supp0rt  (net sho.vn) and .hing 
stud  (Fig. 2) engaged in a sl0t  in a rate 
arm .]. The arm Tls piv6all.-mountëd atgne 
'nd on a Shaft 8 and at is .free-end ha.s-,an 
arcuate p.o.iÇ.n '].« carring a  pivoted release 
flngéï»fl. Rotation 6f the spindle 8 bï rate 0 
nob3 and géarin  adjus.ts the roller 30 ra- 
ïily onaCc  a, at the same rime, drives me 
rate.rack  through pinion36so as te swing the 
rate arm ] from the vertic«l by the acti0nof . 
hh  stUd  in slot. . A rate tndicator 
s)idablé logiunally on the arm  anis con- 
nécted-iisinner end tothe stud , se ha 
the buter-end p0ion of the dicator is pro- 
jed frein arm ] by outward movementof the 
Stud  in sl0t: . e outer enfl ion of in- 
dicat0  bas Suitablemarkings (nOt shown) te 
indicate the rate adjustment of arm 4. 
e ive géar 3 is coected hrough  dif- 
ferential 3 te a shaft  ad a plnion  mesh- 
ing with  ive rack  movablelontudilly 

4 
on a suitable support (net shown). A stud ] 
on rack §B ts engaged in a slot §8 in a drive arm 
9 which is integral with a sector plate D, the 
plate being rotatable on shaft 48 independently 
Of he rate arm 4]. on the.periphery of the sec- 
;to, r ie 66 i/a"cam sufaCé 6a ngageáble wih 
the  release :ngér" 50 and ernting in a notch 
Ob which is so disposed that the ger 50 is 
ïapted te enter the notch when the slot 58 d 
he .slot. g6 are on a coon diameter through 
the.axls of shft.. e plate 6fl has a sight 
angle inicátd g[ which dicates the angular 
qSfQnof. the.plate on a scale (net shown). 
' -Tthe b0mbsiht  described, a small right 
.trlngle is .formed. in which the hypotenuse is 
repesCned by a line from shaft 48 along rm g] 
dtg5 on rack 4g, one side () is represented 
by.a HDe.frQm.the rack g4 te shaft 4 and per- 
.pendiclar to.the rack, d the other side is rep- 
resented by a line alofig rack 4g from the ver- 
tical line .(h) ..te.stnd4..A second right tri- 
_angle  also ïermed in wch the. hypotenuse  
repre.sented bY a line rom shaft g .along . 
9 te stud ], one side (h) is represented-by  
line from rack 5 te shaft 4 and perpendicu- 
lar te the rack, and the other side (r) is repre- 
sented by a le along rack 5 from the ver- 
tical line (h) te the stud ]. is second.tri- 
angle is similar te the triangle foed In spe 
by the aiçraft's altitude or veical te the a- 
crat (H), the distance along the ground from 
the foot of this veical te the target, d the 
line of _sight between the ple ad the.target, 
.wherèby the second triangle in .the bombsht 
has ifi itan angle .(v) equal o the sight or range 
 .prier mbsights,  stabied telescope is 
oed in a v.ertical plne .on a horizontal .ax 
by a pinion  meshlng with a gear 63 on stor 
plate « The pioa 6 drives 'a.sheae 'eg con 
nected te a cable  which passes over sheaves 
 .on shaft 48 and over a sheave 66« te a driven 
.sheye 6coupled te the telescope, whereby rot- 
.tion .of .plate  Causes a corresponding rotation 
of the telescoRe on the horizontal axis. us, 
the telescope axis may be considered as a le on 
arm 59 from the shaft 4 te stud ]. e tele- 
scOpe may be turned on its horizontal axis inde- 
pendently of follet 3 by a bevel gear  mesh- 
ing with the differential  and rotatable 
thr0ugh a clutch 69 ïrom a displacement knob ]. 
By adusting the screw spdle 8 ïrom rate ob 
3 and adjusing he ngle 0f arm 59 through 
displacement knob ], the mbardier cn.main- 
tain thë target on the hozontal reference line 
of the telçcope, and when the telescope sight 
.angle (V) quals the angle () as set  the 
rst triangle by rotation of arm g], the ger 
5 enters notch fl and actuates suitable means 
for releing the bomb. 
In practice, the two sides of the right iangle 
having the dr0pping angle () equal te 

are considered as velocities and the dropping 
angle is solved just as if the sides Were lengths. 
70 To do this, the altitude (H) is considered as 
vertical ve]ocity of the bomb, and this velocityis 
set into the sight by adjusting the speed knob 
24 on the governor, which contro]s the speed of 
disc 26. By a constant of design, K, a disc speed 
75 (Ds)is set in which proportional to the recipro- 
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cal of the rime of fall for the given altitude (H). 
The manner in which the angle 
tan_ 1 .(Vtf) -- T 
ls set into the sight is as follows: As the trail, 
T, is set by adjustment of arm 4! the roller Si) 
is displaced above the disc axis a distance pro- 
portional t0 the trail, without turning the screw 
spindle 28, so that the introduction of trail ]0 
raises the carriage and roller. Then, as the bom- 
bardier turns the spindle 28 from the rate knob 
35 to cause the horizontal reference line in the 
telescope to more along the ground at the saine 
rate as the target, for synchronism, he moves the ]5 
roller Si).further above the disc axis until the 
roller distance is sufficient to give the desired 
synchronism. By turning the spindle 28, the rate 
arm 4 is rotated fo a position so that the dis- 
tance of stud 45 from the vertical is proportionál 20 
fo the amount the rate knob is turned. In 
other words, the roller distance from the disc 
axis is proportional to 
However, only part ol this roller distance is due 
to rotation of the rate knob 35 and spindle 28. 
The remainder of the roller distance, as set in by 
the rate knob and spindle rotation, is proportional 30 
to 
(Vt)--T 
H 
Therefore, when the sight is properly synchro- 
nized, the rate arm 47 is at an angle () to the 35 
vertica! (h) equal to the dropping angle 
t.an_ 1 (Vt) -- T 
H 
Thus, When the sight angle (y) to the target, as 
represented by arm 5 and the vertical (h), 
equals this dropping angle (), so that the bomb 
is released due to engagement of finger 51) in 
notch 5b, the bomb should have the proper 
range to hit the target. 45 
According to the present invention, the tri- 
angular solution of the dropping angle (e) is 
governed in part by the radar indication of the 
actual slant range to the target, which corre- 
sponds to the distance from shaft 48 to stud 5 50 
multiplied by H/k when the angle (y) between 
arm 5 and the vertical (k) represents the sight 
angle t)-the target. In the prefem-ed form of the 
invention, a value corresponding to the distance 
from shaft 48 to the stud '57 multiplied by H/k 55 
is compared with the radar slant range indica- 
tion, and the screw spindle 28 and displacement 
knob @ are adjusted to maintain this value 
matched and in synchronism with the radar slant 
range indication. 60 
More particularly, in the new bombsight the 
sheave 57, instead of being connected to a tele- 
scope as in prior bombsights, is connected fo a 
directive antenna 72 of a radar system, such as 
that illustrated in Fig. 4, whereby the sector plate 65 
$1) rotates the antenna, as wfll be described in 
greater .detail presetly, so that the antenna 
axis corresponds to the arm .59. The antenna 72 
is mounted on a head S through which the an- 
tenna is lobed in a manner well known in the 70 
art. The antenna head 7S, in turn, is stabflized 
about the pitch and roll axes of the aircraft by 
a gyro in a housing 4, and the head S is also 
stabflized in azimuth by a directional gyro in a 
housing75 (Fig. 4). The triangular solving 75 

mechanism illustrated in Figs. 1 and 2 is sup- 
ported in a head 76 rotatable in a horizontal 
plane relative to a bombardier's control-indicator 
box 77 on which the head 75 is mounted. The 
connection between the sector plate ,$D and the 
antenna head 7,S may take various forms but, as 
shown, comprises a bevel gear 75 mounted on the 
sheave ST and meshing with a bevel gear 79 which 
drives a worm 81) through a synchro-controlled 
servo mechanism including synchros 5! in the 
head 5 and housing 75, respectively, connected 
by wiring 8 !a leading through a junction box 52 
and a cable 83. The worm 81) drives a sector 
gear 84 on a shaft 85 rotatable on a frame '8 
and supporting the antenna head 7S, so that ro- 
tation of gear 4 by worm '8 turns the antenna 
and its head 2 about the horizontal axis 85. 
The radar system, as shown in Fig. 4, comprises 
a relay box 88 connected through a cable :89 to 
suitable batteries (not shown). The relay box 
88 is connected to a motor alternator 91) which 
supplies electric power at a constant voltage, reg- 
ulated by a regulator 91, fo a power distributor 
92 for supplying power to the system. Power 
from distributor 92 is fed through an H. V. rec- 
tifier OS and a modulator 94 and delivered to an 
1. F. unit 95 in the form of pulses. The R. F. 
unit 95 transmits the energy pulses through a 
suitable connector 95a and the head 7S to the 
antenna 2. A portion of the electromagnetic 
energY refiected from the target is received 
through the antenna, the connetor 95a, and the 
1. F. unit 5 which feeds the received pu]ses to 
a receiver 95 supplied with H. V. power from rec- 
tifier '9 through distributor 92. The receiver 9 
is connected to the control-indicator box 77 
which provides indications of the refiected en- 
ergy. A control box 9.8 is coupled to the junction 
box 82. 
The radar system is of a type known in the art 
which provides radar presentations in a search 
scope 9 and a precision scope !00, the scopes be- 
ing mounted in the bombardier's control box 77. 
If desired, a duplicate search scope a may be 
provided in a control box a adjacent the pilot. 
When the search scope 9 is employed, the an- 
tenna head S is rotated about a vertical axis 
with a scanning motion, and the field which is 
scanned is presented as radar indications in the 
search scopes 9 and a. Means for producing 
the scanning motion of the antenna and present- 
ing the s,canned field in the earch scopes  and 
9a are we!l known in the art and are hot illus- 
trated in detail, since such means per se form 
no part of the present invention. When the pre- 
cision scope 0 is urned on, the antenna 72 Is 
lobed by suitable means in the head 7S, and the 
radar presentation is substantially as indicated 
in Figs. 6, 7 and 8. That is, the target is indi- 
cated on the precision scope  0 by longitudinally 
spaced "pips"  and !O!a which more fo the 
left along the scope as the target slant range 
decreases. Also, when the axis of the lobing an- 
tenna 72 is on the target in azimuth, the pips 
! 0  and ! 9  a are equal in height, and any change 
in the relative heighks of the pips indicates a de- 
fiection of the target from the antenna axis. The 
scopes 99 and 00 may be turned on and off se- 
lectively by means of suitable switches !02 on the 
panel of control box . A range knob !05 is 
also provided on the box 7 fo set the search 
scanning operation for different ranges. A 
range matching dial 84 is rotatable independ- 
ently of dial !S, and when the precision scope 
!OO is turned on, is adjustable to match the usual 



- pS, .with: the -pips: on.scope 1.0.0 .. to indiçafe  he 
- slant, rnge, on a .suitabte scale  (hOt- shown) ,on 
:the face- of dial. ! 3, as:will: be described in greater 
d_etail, presently. 
The knob J{}4.is rotatable automatically in ac- 5 
cordance with the change in the distance (r) 
-ween shaft 4 and stud I. More particularly, 
a rck J e is slidable longitudinally on the-arm 
..in:a groove:or track {}, and one end of the 
.rack 5 is connected to-stud 7, the center line lo 
of rack !{}' intersecting the shaft .48. The rack 
 is adapted to drive a pinion {}7 cormected to 
a .shaft {}8 which is rotatable in a bearing 
.mounted en the-sector plate {}. The. shaft 
(Fig. 6) is connected-through a synchro-con- 
trolled servo-mechanism, including-synchros || 
and wiring ! ! {}, to a multiplier ! ! ! which is ad- 
]ustable manually by a nob ! J to set in_the 
lnown valueof H/h. 
-It .will be understood tht the multiplier f! 2o 
:and the djacent synchro |.|{}-are located in the 
-control be.x 77, while the other synchro ! {} ad- 
jacent to pinion  is located in the movable 
.head ë. The multipler ||| is connected 
through a clutch , operable by alever , 
to .a worm J3 for driving a wheel 4. The 
wheel f4 drives a worm J meshing with a 
wheel f6 disposed behindthe panel of control 
box ï. Ehe wheel | |6 is rotatable manually by 
 the range matching knob J{}4 when clutch !  is o 
disengaged, and is operable through a suitable 
clectrical connection, represented diagrammati- 
cally by reference numeral -|| 7, to adjust the 
usual cathode ray oscflloscope (hOt shown) so as 
fo vary the positions of steps  |3 and | |3 rela- 
tive to the pips fe and {}J-on the precision 
-soreen 00. When the range matching dial 
is rotated to match the steps |3 and ||8 with 
the corresponding pips !{} | and | {}  , as shown 
in Figs. 7 and 8, the slant range reading appears 4O 
on a suitable scale on the face of dial {}3 under 
a pointer | {} on dial | 
The pips ! } ! and !    both represent reflected 
puises, iV£ore particularly, the lobe switching 
commonly employed in radar systems of the 
type described, during lobing of the antenna, 
causes beams of radiation to be sent alternately 
n-two directions, a few degrees apart in a hori- 
zontal plane, and a single target will reflect 
pulses .from both beams, causing the double 
signals or pips |{}|, || to appear on the scope 
or screen. When the target is to the left of the 
central axis of the lobing anfenna, a strongr 
reflecting pse will be received from the left 
beam of radiation, so that the left signal or pip 
on the scope wfll be higher than the right pip 
When the target is directly on the axis on the 
10bing antenna, reflected pulses of equal inten- 
sity will be received from the two beams of 
radiation so that the two signals or pips on the 60 
screen will .e of equal height. 
Thus, the distance between the pips |{}| and 
! {H  is constant, and the slant range is a measure 
of the distance of the pips from one end of the 
screen, as .determined by adjusting the range 
measuring dial {}4 to match the steps !$, 
with the pips. While the pips |{}|, |{}| will con- 
Santly increase in height as the slant range de- 
creases, they increase in height simultaneously 
so that their relative heights will continue to in- 70 
dicate the position of the target in azimuth with 
respect to the central axis of the lobing antenna. 
It .will be understood that .the steps 3, 
a: e .similar in nature to the pips |{}|, |{}|a, ex- 
cept that-the steps do hot represent reflected 75 

8 
pulses/fr0m/_the.target (actual-,slant:range)but 
instead serve as reference or .index.points (of con- 
stant height) to indicate the slant range in the 
computer when the range measuring dial J{}4 
driven from the computer rack {}, and to indi- 
cate the actual slant range. by. matching:thesteps 
with the pipæ andobservingthe reading-of-dial 
The antenna head ] is stabilized about-:the 
pitch and roll axes of the aircraft, and-to this 
end the frame 36 is connected to shafts{} 
rotatably mounted in a frame 121, the .shafts 
12{} having common axes passing through.the 
axis. of the antenna head . Theframe 
turn, is rotatably mounted on.shafts J sup- 
ported in the housing 4, as will.be describedin 
greater detail presently. A suitable gyro .(hot 
shown) in a gyro casing 4a ismountedonshfks 
Ia on the frame Il, The gyro in casing 
may be erected vertically in any suitable .man- 
.ner, as by means of an inverted pendulum 
having frictional means 23a for exerting 
cessional forces, and another inverted pendulum 
J24 having suitable means including a motor 
124a for moving a weight 14b. As such erec- 
tion means for vertical gyros are well known in 
the art, a detailed description thereof is unnices- 
sary. An arm ! $ on gyro casing 4a is connected 
by a link !  to the lower end of a lever 3 which 
is connected intermediate its ends by a pin 
to an arm 3Ga on frame 3, whereby the frame 
86 is stabilized in a horizontal plane about the 
roll and pitch axes I{} and 12, respectivelyÆ ex- 
cept for cross-trail corrections to be described 
presently. 
A shaft 3 is rotatable on a suitable arm on 
the. frame I! and is connected at one end 
through a crank 3 .and a link 13 to the upper 
end of lever 13. The other end of the shaft 
bas a rock arm 134 connected through a uni- 
versal joint to a vertical lever J35, the lower end 
of lever 13§ being connected to a cam block 
In its lower face, the block 13 is provided vith 
 a longitudinal slot |3 which receives a pin 
mounted on a blÇck 39. The block 135 is mov- 
able longitudinally on a guide 14{} by means of 
a yoke |4| which is gulded for longitudinal 
movement by a pin |42 engaged in a slot 
in the yoke. A rack 143 is coupled to the yoke 
14! and is adapted tobe driven longitudinally by 
a pinion J4 which is connected through a syn- 
chro-controlled servo mechanism, including syn- 
chros  and wiring 145a, to a gear 145 in the 
head ï. If will be understood that the synchro 
 adjacent the rack 4S is disposed in housing 
ï4, while the synchro |4 adjacent gear |4 is 
disposed in the head . The gear 14-meshes 
with a gear 1.4 mounted on the lower end of 
shaft 39 which is rotatable by the trail arm 
(Fig. 1). Thus, adjustment of the trail arm 
causes longitudinal movement of the yoke 
and block |39 and thereby adjusts the longi- 
tudinal position of pin 135 in the slot J3 of 
the cam block. 
The azimuth gyro "la, which is mounted in 
housing §, is connected to a bevel gear I{} and 
serves to maintain this gear in a fixed position 
in azimuth, wheeby the aircraft may move 
around the gear {} without changing the posi- 
tion of the gear in azimuth. The gear 
meshes with a bevel gear I§! which is connected 
through a synchro-controlled servo mechanism, 
including synchros § and wiring Ia, to a 
worm I in the ¢ontrol box . The worm 
is adapted fo drive a worm wheel J§4 connected 
to a vertical..shaft §. t"rictiona:lly .clutclled 
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fo the upper end of shaft 155.1s an arm 156 con- 
nected by a link 151 to an arm 156 havlng a 
gear segment 156a rotatable on a vertical shaft 
159. The gear 156a is rotatable relative to the 
vertical shaft 159, which ls flxed in the control 
box 11. 
A worm |@| meshes with the gear |Sa and Is 
mounted on a shaft | 62 in suitable bearings on 
the head ]@, the shaft |G belng rotatable manu- 
ally by a turn knob |@. Thus, rotation of knob 
,6S causes the worm 161 to rotate the entire 
head 16 about the shaft 159 as an axis, the gear 
159a being held stationary In azimuth by the 
wheel 154 cormected to the azimuth gyro 15a. 
A gear 164 ls rotatable on a vertical shaft 
mounted on the head 16 and meshes with a gear 
165 on the upper end of the shaft 159. Accord- 
lng]y, when the head 16 is rotated about shaft 
J59 by turn knob 163, the gear 164 ls rotated by 
its engagement with gear 165, which ls held sta- 
tionary by shaft J59. A gear |66 is loosely 
mounted on shaft J62 and is rotatable inde- 
pendently thereof by a drift knob J67. The gear 
J66 meshes with a gear J68 mounted on the 
head 76 and adapted to.drive a worm J69 which, 
in turn, drives a gear segment rotatable on the 
shaf |59 and having an arm |70. A sleeve 
ls rotatable with arm JT0 and is loose]y mounted 
on the shaft J59, the sleeve being connected 
through a suitable friction coupling fo an arm 
J72. A brush |73 on the arm J72 forms part of 
a variable resistance including a resistance ele 
ment J74 fixed on the aircraft and connected 
in a suitable circuit (hot shown) for operating 
the pointer of a bombardier's direction indi- 
cator (BDI) J75. Such indicators are well 
known in the art and it is unnecessary to illus- 
trate the details thereof. At its outer end, the 
arm 79 is connected through a link ]76 to an 
arm |77, connected to shaft ]55 through a suit- 
able friction clutch. Integral with the arm |77 
is an arm |78 which carries a brush |79 engag- 
ing a resistance element [90 flxed on the air- 
craft. The variable resistance |79m|89 is con- 
nected in a circuit which leads to a pilot's di- 
rection indicator (PDI) |75a similar to the in- 
dicator |75, whereby movement of brush |79 
along resistance |80 adjusts the pointer of indi- 
cator ! 
The gear 64 is connected through a synchro- 
controlled servo mechanism, including synchros 
|8 and wiring |8a, fo a horizontal gear |8 
rotatab]y mounted on the housing 74 in a bearing 
|84. The gear |8 carries a bracket |85 on which 
the shaft |2 is rotatably mounted, whereby ro- 
tation of gear |8 turns the gyro assemb]y, in- 
cluding frame ]2], about a vertical axis 
through the antenna head 
The gear |68 (Fig. 6) is connected through a 
synchro-controlled servo mechanism, including 
synchros |68 and wiring |88a, fo a worm |89 
mounted in the gyro housing 74. The worm |89 
drives a ring gear |99 suitab]y mounted in the 
housing 7 and having the vertical lever |5 ex- 
ending.through it. The gear |90 carries arms 
| 9 | supporting a horizontal shaft |92 connected 
to the cam block |6, whereby rotation of gear 
]99 swings the block |6 about the pin |'8 as 
an axis. When the trail arm 4 | is set at zero, the 
pin |8 is in line with the end of lever |5, so 
that rotation of gear |99 through adjustment of 
the drift knob |67 has no effect on the crank arm 
|4. However, when trail arm 4| is moved to 
make the desired trail setting, the pin |$8 is 
 displaced from lever |$5 along the groove 
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in cam block 136, the amount of displacement 
of pin 138 being proportional to the trail setting 
of arm 4|. Thus, when gear |99 is rotated by 
drift knob 167, the cam block 16 is turned about 
,5 the displaced pin 18 as an axis, whereby lever 
15 and crank arm 14 are moved an amount 
proportional to the product of the traii (T) and 
sin (x), where (x) is the drift angle set up by 
the drift knob 167, as will be described in greater 
10 detail presently. As a result, the frame 86 and 
anterma head  are tilted on the roll axis I, 
so as to set into the bombsight the cross-trail 
factor due to the action of a cross wind on the 
bomb. 
15 The operation of the bombsight is as follows: 
The aircraft carrying the bombsight is flown in 
horizontal flight at an altitude which the bom- 
bardier may determine by disengaging the clutch 
112 and turning the displacement knob 7 until 
20 the axis of antenna 7 is in a vertical position, 
which may be determined by suitable stops (hOt 
shown). With the radar system operating, the 
bombardier will then observe pips 101 and 10la 
in the precision screen 10 and will adjust the 
25 range matching knob 104 until the steps 118 and 
119a are matched with the pips 101 and IOla, 
respective]y, as shown in Fig. 7. The range 
matching knob 104 will then indicate the altitude 
(H) of the aircraft. 
30 In order to aid the bombardier in his location 
of a target, the search scope 99 may be turned 
on by one of the switches 102, whereby the an- 
tenna 72 is moved wRh a scanning motion and 
the fleld which is scanned is presented in the 
35 scope. 99. When the bombardier observes a tar- 
get in the search scope 99, he informs the pilot 
. who, by means of the duplicate search scope 
guides the plane so that the target is on the 
usual "lubber's" or vertical reference line on the 
4o search scope, at which rime the scanning motion 
of the antenna 7 is terminated so that the an- 
terma axis is pointed straight forward and is ap- 
proxiïnately on the tar0et in azimuth. The slart 
range to the target is determined by the bore- 
45 bardier by observing the position of the target 
on the search scope 99 with reference ri the usual 
horizontal electronic range markers, which have 
different range values for different positions of 
the search range knob I 0. 
5o At this time, the speed knob 4 for the constant 
speed motor 0 is adjusted to establish the proper 
speed of disc 6, which is determined by the 
known altitude (H) from suitable ballistic tables. 
Also, the trail arm 4| is adjusted to set in the 
55 desired trail value (T), which is likewise obtained 
from ballistic tables. 
Droppîng angle deermiaion 
The antenna 72 is again moved to the vertical 
60 position by rotation of displacement knob 79, 
which moves the antenna through differential 
rack 56., plate 69, pinion 6 |, cable 65, connection 
8|, 8|a, worm 89, and gear 84. The ,altitude 
reading (H) is then set into the multiplier ||| 
65 by adjustment of knob |||a, whereupon the 
clutch ||2 is engaged. The displacement knob 
70 is then adjusted so as to turn the antenna head 
7 on shaft 85 until the range reading of the 
range matching dial |04 corresponds approxi- 
70 mately fo the range reading observed in the 
search scope 99. It wfll be understood that ad- 
justment of displacement knob 79 hot on]y moves 
the antenna 72, as described, but also turns the 
radar range-matching knob [94 through rack 
î |05, pinion |07, c0nnection ||0, ||Oa, multiplier 
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III, clutch 112, worms 113 and 116, andgear 
116, whereby the steps 118 and 11Sa are 
justed along the scope 166 relative fo the pips 
161 and 10la. Thus, when the precision scope 
166 is turned on by one oï the switches 102, the 
antenna axis should be approximately on the 
target so that a radar indication oï the target 
will appear on precision screen 166 in the form 
oï pips I O I and I O I a. Ai this rime, the pips will 
move fo the left along the scope 166 as the slant 
range decreases, and the steps 118 and 116a will 
also move fo the left due fo the fact that the 
gear 116 is driven ïrom the adjustable roller-30 
through differential 53, racks {}6 and I{}{} (Fig. 3), 
.and multiplier I I I. 
The next operation is to obtain synchronisnf 
in the movements oï the pips and the steps on 
the scope I 0{}. This is accomplished by adjusting 
the screw spindle 20 through rate knob 3{} until 
the speed oï movement of rack I{}{} is sufficient 
fo cause the steps 116, 11Sa fo move along the 
scope af the saine rate as the pips I{}1, 
Then, the displacement knob 7{} is adjusted to 
match the steps with the pips, as.shown in Fig. 7. 
Ai this rime, the solving mechanism shown in 
Figs. 1 .and 2 is properly adjusted and synchro- 
nized fo solve for the di'opping angle (0) in the 
manner previously described. Thereafter, the 
bombardier makes any adjustments of the dis- 
placement knob 70 and the rate knob 3{} neces- 
sary fo maintain synchronism oï the pips and 
the steps on scope 100, until the release flnger 
(Fig. 2) moves into the notch 6{}b, whereupon 
the bomb is released. If will be observed that as 
the sight angle fo the target decreases, the 
tenna is rotated on shaft 8{} through the sheave 
67 so as fo maintain the antenna axis on the 
target in range. 
Collision course determination 
As pointed out heretoïore, the pipe I{}1 and 
I{}la on the precision scope I{}{} appear oï equal 
height when the directive axis oï the lobing 
tenna 72 is on the target in azimuth. When the 
pips 101 and I{} la appear oï unequal height, 
they indicate fo the bombardier that the target 
is offset in deflection ïrom the antenna lobing 
axis, in a direction depending upon which of 
the pips is oï greater height, and in an amount 
dependent upon the relative heights oï the pips. 
When such a deflection oï the target is indicated, 
the bombardier adjusts the tm'n knob 163 to 
move the antenna axis in azimuth in the proper. 
direction and proper amount fo equalize the 
heights oï the pips I{} I and I{} I-a. This adjust- 
ment oï the turn knob 163 also actuates the 
BDI 17{} and PDI 17{}a, whereupon the pilot turns 
the plane until his PDI indicator 175a is again at 
zero. 
Assuming that the aircraït approaches the 
target with a cross-wind, the resulting driït 
the aircraft causes the pips I{}1 and I{}1a to be- 
corne oï unequal height due fo deflection oï the 
target with respect fo the antenna lobing axis. 
The bombardier then operates the ch'fit knob 
167 so as fo move the indicators 17{} and 
in a direction determined by the direction oï drift 
oï the aircraït. The pilot then turns the air- 
craït fo bring the indicators 17{} and 17{}a back 
fo the zero position, and this operation by the 
bombardier and pilot is repeated until the proper 
drfft angle (x) is established, which will be in- 
dicated when the pips I{} I and I{} la are main- 
tained ai the saine relative heights without 
ther adjustment. Then, the ttu'n knob 153 

adjusted fo move the antenna :about the-verticài 
axis 163a until the pips I{}1 and:lOla again:"as - 
sume equal heights, indicating that the--antenna, 
axis is on the target in azimuth, If the air, 
5 craït continues to drift with respect fo the target, 
as indicated by a further change in the relative 
heights of pips 101 and 101a, the opertion 
previously described is repeated until-the :pips- 
are maintained equal in height. This operation 
10 may be facilitated by "double clutching;"%ht-: 
is, by ttu'ning the turn knob 163 and thedrift 
knob 167 together, as is well-lown in the art. 
If will be observed that in setting .in thé dgfft 
angle by rotation of chïft knob 167, the "-gear :'1: 
15 is rotated and turns the cam b10ck.136 on'pin 
136 as an axis, so that lever 
head 73 about the roll axis 120 an--amountde- 
temnined by the trail setting ï(T) ofarm 41 mulfl« 
plied by sin (x), where (x) is the final drlft angl 
co set in by chïft knob 167. This adjustment"haS - 
the effect of offsettingthe .target in deflécti0n  
with respect fo the antennaaxls, so that the 
10 I, I) I a become of unequal height and necessi 
 tare an adjustment of aircraft-cotu'se; aspre-" 
25 viously described, with the result that CompenSa 
tion is made for the cross-trail of the b0m1 due 
to chïft. 
In the foll0wing .claims, if will. be understOod- 
that the term "radar" is intended fo denote radib' 
30 detection and ranging, as. is well:known-ïn the 
art. 
The inventionherein described rngy be: 
factured and used by or for the G0vernmenof 
the United States of America for governmental- 
35 purposes without the payment of any royaltiés  
thereon or therefor. 
We claim: 
1. A bombsight comprising a radio detectlon 
and ranging system for providing _an indication  
4O of the slant range from the aircraftto the target 
means adjustable fo correspondence with sid 
indication, means for solving the dropping angle 
including a driving member, and an operttive 
connection from the driving member to the ad- 
45 justable means for maintaining thë saine in 
correspondence with said slant range .indication. 
2. A bombsight comprising a rdio detection 
and ranging system having a precisionscope for 
providing "pip" indications of the slant range 
50 from the aircraft fo the target, means for provid- 
mg "step" indications in said scope .and ad-. 
justable fo position the "step" indications rela- 
tive fo the "pip" indications, means for solving the 
ch'opping angle including a driving member, and 
55 a connection from the driving member fo said 
adjustable means for maintaining. _the 
indications in fixed relation fo the "pip" indica- 
tions. 
3. A bombsight comprising a radïo detecti0n 
60 and ranging system for provlding an. indication 
of the slant range from the aircraft to the target; 
means adjustable fo con'espondence withsald 
indication, means for solving the dropping angle 
including a constant speed ch'iving motor, an 
65 operative connection from the motor to the ado: 
justable means, and adjustable means in said 
connection for varying the speed 9atio between 
the motor and the flrst adjustablemeans-to syn- 
chronize theflrst adjustable means and-the slant. 
70 range indication. 
4. A .b0mbsight comprising.a rdio detectlon 
and ranging system for providing an indication 
of thê slant range: from the aircraft fo the 
target» means adjustable fo correspondence with 
?5 said indication, means fo" solving thë dr0ppln 
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angle including a constant speed driving motor, 
an operative connection from the motor to the 
adjustable means, adjustable means in said con- 
nectkm for varying the speed ratio between the 
motor and the first adjustable means to syn- 
chronize the first adjustable means with the 
slant range indication, and manually operable 
means in said connection for displacing the first 
adjustable means into correspondence with the 
slant range indication. 
5. A bombsight comprising a radio detection 
and ranging system for providing an indication 
of the slant range from the aircraft to the 
target, said system including a directive an- 
tenna and means austable to correspondence 
with said indication, to provide a slant range 
reading, gyro means for stabilizing the antenna 
about pitch and roll axes on the supporting air- 
craft, means for solving the dropping angle in- 
cluding a variable speed driving member, an op- 
erative connection between said driving member 
and the adjustable means, adjustable means for 
varying the speed of said driving member fo 
synchronize the first adjustable means with the 
slant range indication, and manually operable 
means in said connection for displacing the first 
adjustable means into correspondence with the 
slant range indication. 
6. A bombsight comprising a radio detection 
and ranging system for providing an indication 
of the slant range from the aircraft to the tar- 
get, said system including a directive antenn,a 
and means adjustable to correspondence with 
said indication to provide a slant range reading, 
gyro means for stabilizing the antenna about 
pitch and roll axes on the supporting aircraft, 
means for solving the dropping angle including a 
variable speed driving member, an operative con- 
nection between said driving member and the 
antenna for rotating the antenna about said 
pitch axis, a second operative connection be- 
tween said driving member and the adjustable 
means, adjustable means for varying the speed 
of said driving member to synchronize the first 
adjustable means_with slant range indication, 
and manually operable means in said connec- 
tion for displacing the first adjustable means 
lnto correspondence with the slant range indica- 
tion. 
7. A bombsight comprising a radio detection 
and ranglng system for provi..ding an indication 
of the slant range from the aircraft to a target, 
said system having a directive antenna, gyro 
means for stabilizing the antenna about roll and 
pitch axes on the aircraft, adjustable means mov- 
able into correspondence with said indication to 
provlde a target slant range reading, mechanism 
for solving for the droppmg angle including a 
variable speed driving member, an operative con- 
nection between the driving member and the an- 
tenna for moving the antenna about said pitch 
axis to maintain the antenna axis substantially 
on the target in range during closing thereof, a 
second operative connection between the driving 
member and said adjustable means, adjustment 
means for varying the speed of the driving ruera- 
ber fo synchronize the adjustable means with 
said indication, and means operable independ- 
ently of said driving member for moving the an- 
tenna and displacing the austable means into 
correspondence with said indication. 
8. A bombsight comprising a radio detection 
and ranging system for providing an indication 
of the slant range from the aircraft to a target, 
said system having a directive antenna, gyro 
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means for stabilizing the antenna about roll 
and pitch axes on the aircraft, index means mov- 
able into correspondence with said indication fo 
provide a target slant range reading, mechanism 
5 for solving for the dropping angle including a 
right triangle having a known altitude (h) pro- 
portional to the aircraft altitude (H), an ad- 
justable base representing horizontal target 
range, and an adjustable hypotenuse, a variable 
10 speed driving member for decreasing the length 
of said base and hypotenuse during closing of 
the target, an operative connection between the 
triangle and said index means for adjusting the 
index means in accordance with the change in 
15 length of the hypotenuse of the triangle, a mul- 
tiplier in said connection for setting in-the known 
ratio of H/h, and means for adjusting the speed 
of said driving member to synchronize the index 
means with said indication. 
20 9. In a bombsight, a radio detection and rang- 
ing system for providing an indication of the 
slant range from the aircraft to a target, aid 
system having a directive antenna, gyro means 
for stabilizing the antenna about roll and pitch 
25 axes on the aircraft, index means adjustable 
into correspondence with said indication t0 pro- 
vide a target slant range reading, a pair of right 
triangles each having an adjustable base and 
hypotenuse and a known altitude (h) propor- 
3o tional to the aircraft altitude (H), a variable 
speed driving member connected to one of said 
triangles for decreasing the base length thereof 
during closing of the target, an operative con- 
nection between said first triangle and said in- 
35 dex means for adjusting the index means in ac- 
cordance with the change in length of the hypo- 
tenuse of said first triangle, a multiplier in said 
connection for setting in the known ratio of H/h, 
means for adjusting the speed of said driving 
4O member to synchronize the index means with said 
indication, means operable by said last adjust- 
ing means for setting into the second triangle a 
dropping angle tan 

45 

%an- (Vt)--T 
H 

where Ve is the horizontal speed of closing the 
target, tf is the known rime of bomb fiight and 
T is the known bomb trail, and control means 
5O operable when the range angle in the first tri- 
angle equals the dropping angle in the second 
triangle. 
10. In a bombsight, a radio detection and rang- 
ing system for providing an indication of the 
55 slant range from the aircraft to a target, said 
system having a directive antenna, gyro means 
for stabilizing the antenna about roll and pitch 
axes on the aircraft, index means adjustable into 
correspondence with said indication fo provide a 
6O target slant range reading, a pair of right tri- 
angles each having an adjustable base and hypot- 
enuse and a known altitude (h) proportional fo 
the aircraft altitude (H), a variable speed driving 
member connected to one of said triangles for de- 
65 creasing the base length thereof during closing of 
the target, an operative connection between said 
first triangle and said index means for adjusting 
the index means in accordance with the change in 
length of the hypotenuse of said first triangle, a 
7o multiplier in said connection for setting in the 
known ratio of H/h, means for adjusting the 
speed of said driving member fo synchronize the 
index means with said indication, displacement 
means in said connection for displacing Sald lno 
5 dex means into correpondence wlth ald lndla- 
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tlbn indêpèndently of the driving member, rneans 
operablè-by sáid last adjusting means for setting 
into thësecond triangle a dropping angle 
tan_ I (/ts) -- T 
where Ve is the horizontal speed of closing the 
target, t is the known rime:of bomb flight and T 
is the knoWnbomb trail, and control means oper- 
ablewhen the rangeangle in the firsttriangé I0 
equals thè dr0pping angle in the second triangle.- 
ll. A bombsight comprising/a radio detection 
and ranging system for providing an indication 
of the slant range from the aircraft fo a target, 
Sid sstem havg a directive  antënna, gyro. i 
means for'stabilizing the antenna about roli and 
pi6h ' axes-on the aircraft, index means adjust- 
able into correspondence with said indication te 
provide a target slant rane reading, and means. 
for s01ving îor the dropping angle including a 20 
variable spee d driving member coupled to said in- 
dex means and adjustment means for varying the 
speed of said driving member fo synchronize tlie 
index means with said indication. 
12. A bomlsight comprising a radio detection.  
anlranging system having a-directive antenna 
and means for providing an indication of the 
bearin gE of a :target relative to the antenna axis 
andan indication of the slant range to the target, 
gyró:means forsabilizing the antenna aboút a 0 
yïW axes on the aircrat a second gyro means for 
sbilizing thë antenna about pitch and roli axes 
on*the aircraft, means for setting Up a target 
coiisi0n co]rse of the aircraft including an 
adjùStment member operaively comáected to  
tle antenna for adjusting the saine on the yaw 
aXïS relative to said first gyro means, index means 
adjustabl e into correspondence with said indica- 
tion to provide a target slant range readng, 
meáns for solving for the dropping angle includ- 0 
ing*avariable speed driving member connected 
fo said index mans and adjustable t0 synchronize 
the index means with said slant range indication, 
and an operative-connection between the driving 
member and the antenna ïor rnoving the antenna 4 
about the pitch axis to maintain the antenna axis 
substantially on the target in range during clos- 
ing o the target. 
1. A bombsight comprising a radio detection 
and ranging system having a directive antenna 50' 
and mean for providing an indication of the 
bearing oï a target relative to the antenna axis 
and an indication of the slant range fo the target, 
gYro'-means for stabilizLug the antenna about a 
yw axis on the aircraft, a second gyro man_s 55 
for stabfiizing the antenna about pitch and roll 
axes on the aircraft, means for setting up a tar- 
get coliision course of th aiicraft including an 
adjustment member operatively connected fo th 
antnna for adjusting the same on the yaw axis 6o 
relativ fo said first yro means, index means 
adjutable into correspondence with said indi- 
cation to pr-ovide a tart slant range reading, 
means, for so]ving forthe dropping angle includ- 
ing .a v.ariabe speed driving member connected 65 
to Said index means and adjustable fo synchronize 

the lndexmëans wlh sátïl'slnt ranë'indiCat0i% 
an operaive conneCtion between  ttie driving 
membr and the antênna' for moving .the antë 
about the pitch axis fo maintainthe antenna Rxis 
substantiallyon the tarder in rane durgclOs 
ing of th tret, and means operable jotly 
said collisîon cours-mes n said solg 
means for movingthe antenna about theroHRxi. 
relative fo -the gyro mns to c0rrect the 
sight for cross-trafl of the bomb/ 
14. In precision'bombin/the -mthod'of detr- 
mg:the'aircraft -sped "of clos» the tr 
along .the horizontal: plan of the trget, which 
comprises  providin-a 'continuo "indication 
the decresin actual:slant range.rom the 
craft fo thé taréf d'ing saïd' cl0sing, form 
a small 'riht tril inwhich h vezticaI side 
represts th known'aircrft altiudWand- 
bse represn an assumd h'orfzonalrange from 
the aircraft to thé trét, providin a Continuou 
indication comparablewith saïd first dictîon 
of a value, equlto the :hyp0tenuse of sid tri- 
angle mtipliedby.th known ratio of the RCtual 
aircraft altitude t0 saïd vertical sie of .thë tri- 
angle,and connuously ad]ustin thebs and 
hotenuse 0f the right triangle durin sid clos- 
ing to mintain saidtwo ïndictions in correspon- 
dence, whereby the rate of decres ïn thWlenth 
of said base of th %rianleis amësure of sid 
sped of closing.  
15. in prisionbobinçthe mthod-of deçer- 
mining theaircrft speeofclos thCtaret 
along the horizontal plane of the target, hich 
comprises proviing a continuous ication of 
the decrasg actual slant rane from the air- 
craft tó the trgetdurg said clos, formin a 
small riht trig.le-  which the vertical side rep 
resentS the known aircraft altitude Rnd th .bse 
represents-an assed horizontal rne frm te 
aircraftto the tret; provioEnga cntuo dî- 
cationc0mpaTable With"said-first incation0f a 
value equal te" th hyponus  of sai tri]ë 
multiplied by the knonratio 0f:the"actual-a- 
craft altitude fo" said vertical sie of thë trinlé, 
continuoUsly shortefig the be"d hone 
of the right trianglë dur aid closi, and ad 
justing the rate of sàid shortenin  mainta 
said tw0 indications in synchronm, whereby the 
rate of shortening of the length of said base 0f 
the triangle  a mease of sid spe fclos. 
ALCOL F. SCHOEEL. " 
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Te foHowing :reïerënc.es::are 
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UNiTED STARS PANTS 

Number 
2,372,185 
2,408,782 
2,,41:4,108 
2,426,658 
2,433,83_ 
2,439,381 
2,442,389 

. .Naine-- Dte - . 
Wittkuhns  " " Mar. 27,- 1945: 
Knowles et'al, u_:_ï_:Jn: 14 947 
Vóoldridge ...... Sept, 2, .197, 
Hammond et al: _._:e,z  Jan 8,:148, 



